Abstract We explored methodological issues related to antiretroviral adherence assessment, using 6 months of data collected in a completed intervention trial involving 136 low-income HIV-positive outpatients in the Bronx, NY. Findings suggest that operationalizing adherence as a continuous (versus dichotomous) variable and averaging adherence estimates over multiple assessment points (versus using only one) explains greater variance in HIV-1 RNA viral load (VL). Selfreported estimates provided during a phone interview accounted for similar variance in VL as EDM estimates (R 2 = .17 phone versus .18 EDM). Self-reported adherence was not associated with a standard social desirability measure, and no difference in the accuracy of self-report adherence was observed for assessment periods of 1-3 days. Self-reported poor adherence was more closely associated with EDM adherence estimates than self-reported moderate and high adherence. On average across assessment points, fewer than 4% of participants who reported taking a dose of an incorrect amount of medication.
Introduction
A frequent refrain among reviewers of the medication adherence literature, dating back to the field's pioneers (Rudd et al., 1988) , laments the difficulty in measuring adherence and underscores the need for further research and better methods. In addition to uncertainty about the best assessment strategy, there is little consensus regarding how best to operationalize medication adherence for analysis (Osterberg & Blaschke, 2005) .
Accurately assessing highly active antiretroviral therapy (HAART) adherence is critical to HIV clinical management as well as for research purposes. An abundance of convergent empirical evidence confirms that strict adherence to HAART is key to successful treatment of HIV/AIDS (Bangsberg et al., 2000; Paterson et al., 2000) . However, there is decidedly less agreement about how best to assess HAART adherence (Liu et al., 2001) . The difficulty may stem in part from the lack of a commonly accepted definition of the term ''adherence'' (Simoni, Frick, Pantalone, & Turner, 2003) .
Current strategies for assessing HIV medication adherence range from direct methods that assess medication levels in bodily fluids to indirect methods that rely on more peripheral indicators. However, with respect to comparing adherence methods, Gao and Nau (2000) commented: ''The advantages of cost, convenience, and acceptability have generally served as counterweights to accuracy, stability, and comprehensiveness.' ' (p. 1117) . Recent comprehensive reviews of HAART-specific adherence assessment methods leave many methodological questions unanswered (Ammassari et al., 2002; Liu et al., 2001; Miller and Hays, 2000a; Paterson, Potoski, & Capitano, 2002; Turner, 2002; Wutoh et al., 2003) .
In the present paper, we used data from a completed intervention trial among indigent men and women, HIV-infected mainly through injection drug use, to examine some key questions and methodological issues with respect to measuring antiretroviral adherence. Focusing on two adherence assessment methodologies-self-report (the most ubiquitous) and electronic drug monitoring (EDM; the newest and one of the most highly lauded)-we aimed to identify (a) how best to operationalize adherence, (b) the quality of data elicited from self-report measures during telephone and in-person interviews, and (c) discrepancies between adherence estimates based on data from selfreport versus EDM.
Patient self-report measures have many advantages including low cost, minimal participant burden, and flexibility in terms of mode of administration and timing of assessment, all of which have contributed to their widespread use in clinics and countries where resources are limited (Reynolds, 2004) . Self-reports are most often elicited during telephone or in-person interviews or with written questionnaires. Measures range from a single open-ended question such as ''How many of your HIV medication doses did you miss in the last 7 days?'' (Golin et al., 2002) to a standardized set of open-and closed-ended questions, such as the Adult AIDS Clinical Trials Group (AACTG) questionnaire (Chesney, 1999) and the Simplified Medication Adherence Questionnaire (SMAQ; Morisky, Green, and Levine, 1986) . Some of these longer questionnaires, however, are complex to administer and analyze, which limits their value in clinical settings. Other types of self-report measures include patient diaries and pill identification tests (Miller and Hays, 2000b; Parienti et al., 2001) .
A recent addition to self-report measures is the visual analogue scale (VAS), a linear scale ranging from 0% to 100%. In some versions of the VAS there are no demarcations or anchors (other than the endpoints) on the line (Wewers and Lowe, 1990) ; in others, there are demarcations at intervals of 10% (Walsh, Mandalia, & Gazzard, 2002) . In both versions, individuals are asked to put a cross on a line indicating their best guess as to how much medication they have ingested. Although first used and validated in resource-rich countries (Walsh et al., 2002) , the VAS has particular appeal and preliminary evidence of validity in less literate populations and resource-poor countries as well (Bangsberg, 2004; Kalichman et al., 2005; Oyugi et al., 2004) .
Adherence can also be assessed with audio computer-assisted self-interviewing (A-CASI), in which patients provide responses via a computer keyboard to questions posed through headphones. A-CASI may be less susceptible to reporting bias than personal interviews, although it presents significantly greater financial and technological burdens (Bangsberg, Bronstone, Chesney, & Hecht, 2002) .
Self-reports can provide useful adherence estimates. A recent review indicated self-reported HAART adherence and HIV-1 RNA VL were consistently associated, even though most of the studies in the review relied on chart-abstracted VL data instead of blood samples drawn at the same time that adherence was assessed (Simoni, Frick, & Huang, 2006) . Associations between self-reported adherence and CD4 count were less robust. A recent meta-analysis demonstrated that despite significant study heterogeneity the pooled association between self-reported HAART adherence and VL was statistically significant (adjusted OR = 2.31; 95% CI, 1.99-2.68 Nieuwkerk & Oort, 2005) .
Nevertheless, many researchers remain skeptical of the quality of self-report measures. Indeed, many aspects of self-reported assessment may affect results, including how the measures are administered, length of recall, how often and when adherence is assessed, and how adherence is operationalized in the analysis (Bangsberg, Hecht, Clague, et al., 2001; Reynolds, 2004; Simoni, Frick, & Huang, 2006) . For example, social desirability bias and the inherent limitations of human memory may lead to an overestimation or inaccurate estimation of adherence (Miller & Hays, 2000a) . Dunbar-Jacob & Schlenk (2001) found that the accuracy of remembering doses declined after just one day (Dunbar-Jacob & Schlenk, 2001 ). Self-reported adherence has been shown to have generally high specificity (i.e., patients' reports of non-adherence can generally be believed) (Chesney, 1999; Liu et al., 2001) , although self-reports seem to have limited accuracy in terms of measuring the precise number of missed doses (Kimmerling, Wagner, & Ghosh-Dastidar, 2003; Wagner & Rabkin, 2000) . Single-item measures that ask about missed doses at a single assessment point often are as predictive of VL (Murri et al., 2000) as are multiple-item measures, which assess food requirements, timing of dose, and missed doses for each medication (Chesney et al., 2000) . In addition to these measurement issues, there remains debate about how to operationalize adherence based on self-report data to produce the best adherence estimates: from a single point in time, averaging points in time, or using summary or composite measures that combine two or more measures (Bangsberg, Hecht, Clague, et al., 2001; Simoni, Frick, & Huang, 2006) .
EDM technology, such as the Medication Event Monitoring System (MEMS Ò ; AARDEX Corporation, Zug, Switzerland) employs a medicine container with a built-in microchip in the cap that registers the time and date of each opening as a presumptive dose. EDM has the potential to provide more accurate data by detecting overestimates of adherence, pill dumping, and the ''white coat effect'' (improved adherence immediately prior to clinic appointments). The primary advantage of EDM is its ability to estimate dose timing adherence and to describe patterns of adherence over time. For these reasons, numerous studies have employed it as the criterion against which to compare other adherence estimates (Arnsten et al., 2001; Golin et al., 2002; Kimmerling et al., 2003; Knobel et al., 2001; Liu et al., 2001; Melbourne et al., 1999; Oyugi et al., 2004; Wagner, 2003; Walsh et al., 2002) . Studies have indicated EDM is more sensitive than self-report for the detection of non-adherence, suggesting it is more appropriate for adherence intervention trials (Arnsten et al., 2001; Melbourne et al., 1999) .
However, EDM has several drawbacks. It is expensive, it cannot reveal whether the medication was actually ingested, and it provides no information about how much of the medication was taken (Bova et al., 2005; Deschamps et al., 2004; Nieuwkerk, 2003; Samet, Sullivan, Traphagen, & Ickovics, 2002; Wendel et al., 2001) Its use requires that all medications be stored in the container, that only the correct number of pills be removed at each opening, that the container only be opened during dosing, and that the container be closed after each dose (Bangsberg, Hecht, Charlebois, Chesney, & Moss, 2001 ). EDM is not appropriate for liquid medications, may serve as a temporary inducement to adherence, can be cumbersome to carry, and is problematic for patients accustomed to using pillboxes or other adherence devices incompatible with electronic monitoring. Such individuals may refuse to participate, thereby increasing the likelihood of non-representative samples. If they do participate, they risk decreasing their adherence. If used continuously over a long period of time, EDM produces data that are difficult to interpret because of spans of misuse or non-use. One example of misuse is the common practice of ''pocket dosing'' (also called ''double dosing,'' ''decanting,'' or ''cacheing''), which is the removal of more than one dose per opening. Also, the batteries or the device itself may fail, and patients may lose their vials or forget to bring them to assessment visits. Although widely used in HIV medication adherence research, at least in resource-rich settings, the practical limitations of EDM have curbed its clinical application.
Often adherence estimates based on data from EDM are used as a ''gold standard'' because they are more highly correlated with VL than adherence estimates based upon self-report. Results from studies comparing adherence data obtained using self-report versus EDM indicate EDM produces higher estimates of non-adherence than self-report (Deschamps et al., 2004; Hugen, Langebeek, et al., 2002; Liu et al., 2001; Paterson et al., 2002) . Correlations between data from EDM and self-report tend to be weak to moderate, r = .34-.64; (Golin et al., 2002; Liu et al., 2001; Wagner & Rabkin, 2000; Walsh et al., 2002) . Walsh and colleagues computed Kappas to examine agreement between a variety of self-report measures and EDM (Walsh et al., 2002) . They concluded that self-report and EDM provided comparable estimates, supported by sensitivity and specificity analyses. Additionally, one of the few reports examining medication adherence in a resource-poor setting found that among 34 Ugandans, self-report (3-day recall and 30-day visual analog scale) and EDM produced comparable estimates of adherence to HIV medications (91-94%), were highly correlated, r = .77-.89, and both related significantly to VL at 12 weeks after baseline (Oyugi et al., 2004) . However, ceiling effects may have affected these findings.
Methods

Participants and Procedures
We conducted secondary analyses with data obtained from a randomized controlled trial of a 3-month peer support adherence intervention conducted between 2000 and 2002 at a public outpatient infectious disease clinic at Montefiore Medical Center in the Bronx, New AIDS Behav (2007) 11:161-173 163 York (more details about the trial and outcome analyses are reported in Simoni, Pantalone, Plummer, & Huang, in press) . Patients eligible for the trial were: at least 18 years of age, proficient in English, currently on HAART, and not experiencing symptoms of dementia or psychosis.
Research assistants collected self-report adherence data during in-person interviews (via pen and paper) at baseline, at 3 months, and at 6 months, and by phone during 2-and 4-month assessment interviews. Participants were compensated $20-$30 for completing each interview. Assistants abstracted the prescribed medication regimen data from patient medical records at the time of the 3-and 6-month interviews and for VL at 6 months. EDM methods (i.e., MEMS caps) were used to assess adherence continuously throughout the 6-month study period.
Preliminary analyses indicated the main findings from this paper did not differ for participants in the intervention versus control arm of the original trial. Therefore, to simplify the presentation of our findings, we report only the analyses for the participants overall.
The study participants were mainly African American (46.3%) and Puerto Rican (44.1%) men and women of low socio-economic status. There were slightly more men (55.2%) than women, and the mean age was 42.3 years (SD = 8.9, range 22-77). A little more than half of the participants (53.9%) reported monthly incomes between $501 and $1,000, with 30.8% reporting monthly incomes less than $500. Mean education was 11.2 years (SD = 2.7), with 56.3% having less than a high school degree. Most participants reported sexual orientation as exclusively heterosexual (84%). About half of the sample reported heavy alcohol use (51.5%) and crack or heroin use (52%) in their lifetime. Preliminary analyses indicated that no socio-demographic indicator was associated with any measure of adherence.
Measures
Viral Load
In analyses, we used the VL data that were drawn closest to the 6-month assessment. On average, data were collected 86 days (SD = 74) after the 6-month interview or 9 months from baseline. As VL data were non-normal, they were natural-log-transformed.
Self-reported Adherence
In a format similar to that used by the AACTG (Chesney et al., 2000) , participants were queried about their adherence at the baseline and 2-, 3-, 4-, and 6-month assessments. Adherence items followed a preamble acknowledging the difficulties in taking all of the medications. Participants were asked (a) ''What are the names of the HIV medications you took yesterday?'' For each medication, they were asked (b) ''How many times did you take this medication?''; (c) ''Did you take more or less than you were told to at any time?'' (yes or no); (d) ''Did you take any dose more than 2 hours earlier or later than you were supposed to?'' (yes or no); and (e) ''Did you follow any special instructions every time you took the drug? With food; on an empty stomach; with plenty of fluids; none of these'' (yes or no). (Note that we modified the original AACTG by asking whether the participant took more or less of the prescribed dose for each medication instead of how many pills of each medication they had taken, and we asked number of times they took the medication, not number of doses.) Participants supplied the same information about their adherence for the day before yesterday and the day before that. For each day, we calculated dose adherence as the number of times they took their medication for the day divided by the number of daily doses prescribed (based on chart-abstracted prescription information) and multiplied by 100 to form a percentage. These three daily percentages were averaged across the 3-day period to calculate the percentage of doses taken, out of doses prescribed, across all medications. Additionally, participants indicated how often in the past 4 weeks they had missed a dose of their medication: every day, most days, a few days a week, about once a week, less than once a week, or not once.
EDM Adherence
All participants were asked to keep a single medication in a pill bottle with an EDM cap for the 6-month duration of the study. The protease inhibitor was selected because it generally has to be taken most frequently and often produces the most severe side effect and, therefore, would presumably yield the greatest variance and the most conservative estimates of overall adherence. Also, the protease inhibitors appear to be the most unforgiving in terms of tolerance for drug holidays and, therefore, adherence with the protease inhibitor is the most crucial to medical outcomes (Duong et al., 2001) . If the participant was not on a protease inhibitor or was taking more than one, the medication with the most frequent dosing schedule was targeted for the EDM. EDM dose adherence was operationalized as the number of EDM openings divided by the total number of prescribed doses in a specified time interval and multiplied by 100 to form a percentage. For example, if a participant opened the bottle 68 times in 1 month and was prescribed three doses per day, then dose adherence was calculated as (68/90) · 100 = 81%. EDM dose adherence percentages were calculated at the 2-, 3-, 4-, and 6-month assessment points for 1-, 2-, 3-, and 28-day assessment intervals.
Social Desirability
The Marlowe-Crown Social Desirability Scale was used to identify the tendency of individuals to describe themselves in favorable terms to garner approval from others. The scale's ten items consist of five socially desirable but probably untrue items (e.g., ''I always try to practice what I preach'') and five socially undesirable but probably true statements (e.g., ''I like to gossip at times''). Internal consistency, a = .88, and test-retest reliability, r = .88, are reportedly high (Crowne & Marlow, 1964) . For this study, a = .61.
Results
The analyses address a series of questions grouped into three conceptual areas: (a) the best operationalizations of adherence, (b) the quality of data from self-report measures, and (c) discrepancies between adherence estimates based on self-report versus EDM.
Operationalizing Adherence
Researchers most commonly report adherence as the percentage of prescribed doses taken (Simoni, Frick, & Huang, 2006) , but there are many other issues involved in determining the most appropriate operationalization of adherence. In this first section, we address a series of questions to determine which operationalization of adherence perform ''best'' in terms of demonstrating the strongest associations with VL. Which Cut-point (i.e., 100%, 95%, 90%, 85%, or 80%) is Best for Dichotomizing Continuous Adherence Data?
Because continuous adherence data do not provide clinically meaningful information, researchers often opt to dichotomize them. But which cut-point for dichotomization is best? Using a 100% cut-point is statistically practical because it often approximates a median split (G. Wagner, personal communication, March 2, 2005) , but as a clinical goal it is likely unreasonable for most patients long-term. A cut-point of 95% is often used based on the finding that virologic success is significantly less likely in patients taking less than 95% of their prescribed doses (Paterson et al., 2000) .
However, adherence data for very short assessment intervals are often highly skewed, rendering the issue of dichotomizing at high levels moot. For example, adherence estimates based on our 3-day EDM data from the 6-month assessment were identical (i.e., 27% of the sample was ''adherent'') whether we dichotomized at 100%, 95%, or 90%. For continuous adherence data based on longer assessment intervals, the question of which cutoff is best is considerably more germane.
To empirically address this issue, we ran 20 Pearson correlations with the 28-day EDM data, employing cutpoints of 100%, 95%, 90%, 85%, and 80% to determine which produced a variable that best correlated with VL. Because we had collected self-report continuous adherence data only for assessment intervals of 3 days or less, we were not able to use them to investigate this question.
Analyses indicated that no single cut-point produced an EDM variable that was consistently correlated with VL. In fact, there were only two significant correlations for any 28-day EDM dichotomized adherence measure and VL: the 85% cut-point at 2 months, r = ).26, P < .02, and the 100% cut-point at 4 months, r = ).25, P < .05. A visual inspection of the scatter plots of adherence and VL at each of the assessment points confirmed the lack of any clear cut-point. Given these results, we recommend, and will use in the remaining analyses, the most conservative cut-point of 100%.
What is the Best Level of Measurement for an Adherence Variable?
Generally, converting continuous data to categorical data decreases the degrees of freedom in the analysis, resulting in lost information, reduced power, and an increased probability of a Type II error (i.e., failing to detect real differences; Streiner, 2002) . However, when data are highly skewed (as is often the case with adherence data), categorical data may be more appropriate.
To determine whether continuous data (percentage of prescribed doses taken), ordinal data (based on a 6-point scale), or dichotomous data (100% vs. < 100% of doses) best predicted VL, we ran 30 unadjusted general linear model (GLM) analyses regressing VL on adherence. For continuous and dichotomous measures, we used the self-reported and EDM data for the 3-day and the EDM data for the 28-day intervals for each assessment point. For ordinal measures, we had only self-reported data for the 28-day interval.
Overall, the continuous measures outperformed the ordinal and dichotomous measures. Specifically, for the continuous measures, there were nine models (five selfreport and four EDM), seven (78%) of which were significant (four self-report and three EDM). For the ordinal measures, there were four self-report models and only one or 25% was significant. Of the 17 dichotomous models (nine self-report and eight EDM), three or 18% were significant (all self-report). The explained variance (R 2 ) ranged from 0% for the dichotomized measure at 4 months to 18.9% for the continuous measure at 2 months and averaged 8.3% for the continuous measures, 2.6% for the dichotomized measures, and 1.6% for the ordinal measures. Test statistics were generally higher and often changed from non-significant to significant when the analysis substituted continuous variables for dichotomous or ordinal variables.
Which Assessment Interval for Measuring Adherence is Best?
Recommendations regarding the appropriate length of the assessment interval vary. Shorter intervals are assumed to improve recall, but longer intervals probably provide a better representation of adherence behavior over time, which is more likely to affect VL. A 1-day interval has been used successfully (Arnsten et al., 2001 ); 3 days is most common (Nieuwkerk & Oort, 2005) ; 7 days has been suggested because it always includes a weekend during which adherence may be especially challenging ; and 30 days provides a representative behavioral sample but may be too long for accurate recall.
We used GLM to regress adherence as assessed by EDM percentage of doses taken for 1-, 2-, 3-, and 28-day intervals onto VL. Similarly, we used GLM to regress self-report percentage of dose taken for 1-, 2-, and 3-day intervals on VL.
Overall, findings revealed little effect of length of EDM assessment interval on the association with VL (see Table 1 ). Analyses of self-report percentage of doses taken for 1, 2, and 3 days revealed similar results with little fluctuation in explained variance among the three measures across all time points (differences in R 2 ranged from .13% to 1.19%).
Is Calculating Average Adherence Across Multiple Assessment Points better than Relying on Data from any One Point?
Because antiretroviral adherence is dynamic and inconsistent (Howard et al., 2002) , averaging multiple estimates over time instead of relying on any one might yield a more representative depiction of long-term adherence, thus potentially improving the power to predict VL (Johnson et al., 2003; Lievens, 2002) .
We used the 3-and 28-day continuous adherence measures to create three averages for self-report and three for EDM-one for the two telephone assessments, one for the two in-person assessments, and one for all four assessments. We then used 12 GLM models to regress each averaged estimate on VL at each assessment period.
With one exception, for both self-report and EDM 3-day data, averaging estimates across all four assessment points explained more variance in VL than did estimates based on two assessments (see Table 2 ) or on only one assessment (see Table 3 ). For EDM, averaging estimates across either pair of assessment points (i.e., months 2 and 4 or months 3 and 6) explained more variance in VL than three of the four single estimates. For self-report, the estimates averaged over the two phone assessment points at months 2 and 4 explained more variance than the estimate at 4 months yet less variance than the 2-month estimate.
Similarly, with respect to the 28-day measures, averaging estimates across all four assessment points improved predictive power (data not shown). For the 28-day EDM data, averaging estimates across four assessment points explained slightly more variance, R 2 = .14, than averaged across two assessment points (2 and 4 months: R 2 = .13; 3 and 6 months R 2 = .10). Although illustrating overall weaker predictive ability, the 28-day self-report measures followed the same pattern: stronger predictive ability when all assessment points were combined, R 2 = .10, than with any two assessment points (2 and 4 months R 2 = .07; 3 and 6 months R 2 = .06).
Self-Report Adherence Measures
Many researchers have questioned the quality of selfreport assessments of adherence, pointing to the inherent limitations of human memory (Miller & Hays, 2000a, b; Wagner & Miller, 2004) . It is important to examine these concerns as self-report is the less expensive and more practical method of assessing adherence, especially in resource-constrained settings. Therefore, in this section, we conduct a detailed examination of several questions to address issues of bias and accuracy of self-report measures.
Is Self-reported Adherence Prone to Social Desirability Bias?
Self-reported estimates of adherence generally overestimate adherence when compared with data from EDM and other less subjective assessment modalities. This is assumed to be due to social desirability-the tendency to present oneself in a socially approved fashion. We found only two published studies that directly examined the relation between social desirability and self-reported antiretroviral medication adherence (Wagner & Miller, 2004; Di Matteo et al., 1993) ; neither reported a significant association. We used 14 Spearman rank order and Pearson correlations to examine the association at each assessment point and across assessment points between scores on the short form of the Marlowe-Crown Social Desirability Scale and self-reported adherence according to (a) the continuous 3-day dose adherence variable and (b) the ordinal 28-day measure. Further, because there may be a relation with social desirability only for reports of good adherence, we looked at the correlation between social desirability and adherence within subgroups of participants reporting good ( ‡95%) and poor (£70%) adherence.
No associations were significant using the 3-day measures (r ranged from .03 to .14). For the 28-day measure, only at 6 months was there a significant correlation, r = .27. Subgroup analyses were all non-significant, with no significant relation between social desirability and adherence among good adherers (r ranged from .00 to 09) or poor adherers (r ranged from .04 to .12).
Are Self-reports of High or Moderate Adherence Less Credible than Self-reports of Poor Adherence?
Previous studies have demonstrated that self-reported adherence is valid among individuals who report missing a dose (Chesney, 1999; Kimmerling et al., 2003) and that acknowledgment of non-adherence can generally be believed (Liu et al., 2001) . Self-reported perfect adherence, however, is often inaccurate (Wagner & Rabkin, 2000) . Kimmerling, Wagner and Ghosh-Dastidar (2003) demonstrated an even finer distinction: reports of very poor and perfect adherence were generally accurate but reports of adherence falling somewhere between these extremes were less accurate.
To clarify at what level self-reported adherence is accurately reported, we used the 3-day self-report and the 3-day EDM data, both averaged across all assessment points, and grouped participants into three mutually exclusive adherence categories based on Chesney's typology (1999): those whose self-reported adherence was high (95-100%), moderate (71-94%), or low ( < 70%). We ran binomial tests of proportions to determine the accuracy of self-reported adherence for individuals within each group, using EDM adherence estimates as more objective estimates of adherence.
Of the 98 participants, 44 self-reported high adherence, 22 self-reported moderate adherence and 32 reported low adherence. Nine of 44 (20%) of those reporting near perfect, 8 of 22 (36%) of those reporting moderate, and 29 of 31 (94%) of those reporting poor adherence were accurate according to EDM estimates. The group relative difference in the proportion between the high and moderate adherers versus low adherers was significant, McNemar's v 2 (1, N = 98) = 33.4, P < .01.
Does the Accuracy of Self-report Adherence Data Decline Significantly After One Day Post-event?
Earlier reports suggested that individuals report adherence behavior more accurately for briefer than for longer assessment intervals, with accuracy dropping off significantly as soon as 24 h after the event (Turner and Hecht, 2001; Wagner & Miller, 2004; Walsh, Horne, Dalton, Burgess, & Gazzard, 2001) .
To assess accuracy of recall, we computed the percentage of doses taken for each of the 3 days before each assessment point according to self-report and according to EDM and then calculated the difference in these estimates for the first day before the assessment, the second day before, and the third day before. Three paired t tests were then used to determine if any pair was significantly different (i.e., day 1 vs. day 2, day 1 vs. day 3, or day 2 vs. day 3). In additional analyses, we used VL as the criterion. We calculated 15 Pearson r coefficients to examine whether the correlation with VL was stronger for self-reported adherence estimates from day 1, day 2, or day 3.
Findings suggested recall did not decline over the 3 days. Specifically, none of the paired t tests were statistically significant at the P < .05 level, and the association between adherence and VL did not vary based on how long ago the adherence behavior was recalled. Indeed, coefficients and significance levels were often identical. For example, at 3 months, the correlations between self-reported adherence and VL for day 1, day 2, and day 3 were ).27, ).30, and ).27, respectively (all P values < .01). At 6 months, these correlations were ).20, ).19, and ).21, respectively (all P values < .05).
Do Individuals Who Report taking a Dose of a Medication Actually take More or Less than What was Prescribed?
Most adherence measures inquire about missed or ingested doses without defining what constitutes a dose . It is possible that individuals who report taking a dose may actually have taken more or less medication than was prescribed, although partial dosing (i.e., ingesting less than the prescribed amount of medication at a given dosing event) is reportedly rare (G. Wagner, personal communication, March 2, 2005) .
Recall that for each of the 3 days prior to each assessment point, participants reported how many of their prescribed HAART medications they took. For each medication they took, they were asked, ''How many times did you take this medication?'' and then ''Did you take more or less than you were told to at any time?'' Descriptive frequencies indicated that among participants who reported taking any amount of a prescribed medication, on average across all 15 assessed days over the 6-month study period, only 3.7% (SD = 3.8%; range 0-15.4%) reported taking more or less than the prescribed amount of that medication at one or more of the dosing times that day.
Comparing Self-report versus EDM Adherence Assessment
In the next section, we compare the relative ability of different adherence assessment modalities (i.e., selfreport in person, self-report by telephone, and EDM) to predict VL and consider whether a composite score across different modalities improves the results over the use of any one modality.
What are the Differences in Estimates of Adherence Based on Self-report versus EDM?
Although, as just shown, self-reported adherence can be useful in terms of its associations with VL, selfreport generally produces higher estimates of adherence than EDM. To compare estimates generated by self-report and EDM, we plotted mean adherence levels according to 3-day self-reports and EDM at each assessment point. Then, we used paired t tests to determine if 3 day selfreported adherence was significantly higher than EDM adherence at each assessment point.
As seen in Fig. 1 , self-reported and EDM mean adherence levels slightly increase, decrease, and level off over the 6 month study period. However, at each assessment point, self-reported adherence estimates were about 27 percentage points higher than for EDM. Each was significantly different, t = 4.4 to 6.6, all P values < .05.
Which Assessment Modality (i.e., Self-report in Person, Self-report by Telephone Interview, or EDM) is Best?
We examined the association of adherence estimates based on self-report and EDM at each assessment point using 28 Pearson r correlations. For each modality, we included estimates of adherence for 3 days and 28 days at each assessment point as well as the estimates that were averaged across two time points and across four time points. In addition, we conducted 30 GLM regressions to determine which modality most consistently predicted VL.
Results indicated that the self-report phone measures were moderately correlated with EDM, r = .44-.48, but that the self-report in-person measures were only weakly correlated with EDM, r = .26-.33. All correlations were statistically significant. (Note that we could not directly compare adherence estimates of the two types of self-report modalities because they were never collected at the same assessment point). This same pattern-moderate correlations with the phone measures, r = .42-.49 and weak correlations with the in-person measures, r = .26-.34,-is also evident with the 28-day measures.
As illustrated in Table 3 , percentages of variance in VL explained by the adherence estimates were comparable for self-report and EDM modalities at 2 and 4 months (telephone) and at 3 months (in-person). However, at 6 months, EDM explained more variances in VL than the self-report in-person measure. Although the self-report phone and EDM estimates at 2 and 4 months differed on average by 27%, they accounted for comparable explained variance in VL at both phone assessment points.
Is it Better to Combine Measures Across Modalities than to Use Measures from a Single Modality?
As illustrated above, self-report measures overestimate adherence when compared to EDM, yet EDM may underestimate adherence because of inconsistent use (Bova et al., 2005; Deschamps et al., 2004) . Two research teams have argued for combining adherence estimates from different assessment modalities in order to optimize validity (Liu et al., 2001; Llabre et al., 2006) . Their solutions, however, involve rather complicated algorithms and statistical techniques. We aimed to find a relatively simple way to combine measures from different modalities.
Using the EDM and self-report measure averaged across all assessment points, we employed two different statistical techniques for combining the measures to determine if either one could produce a composite adherence estimate capable of explaining greater variance in VL than an estimate based a single measure. If self-report and EDM adherence estimates contain a substantial amount of non-overlapping information about ''true'' dose taken, and if ''true'' dose taken is a better predictor of VL than either EDM or selfreported adherence, then we would expect that incorporating a composite variable in a model would substantially improve prediction of VL. The two techniques were (a) calculating a factor score derived from an unrotated principal component from the two variables that would produce a weighted value and (b) creating a multiple-regression model with the two individual variables (EDM adherence and selfreported adherence) and their interaction term to account for the variance common to both measures.
Results indicated neither technique explained significantly greater variance in VL than using either measure alone. Factor loading from each measure was identical as neither measure contributed more than the other to the factor score, R 2 = 19.7%. In the multipleregression model with EDM and self-report variables (data not shown), the self-report variable was not significant. This model only explained 1% more variance in VL, R 2 = .22, than the model with the EDM measure alone, R 2 = .21, and only explained 8% more variance in VL than the model with the self-report measure alone, R 2 = .14.
Discussion
Using antiretroviral adherence data from a completed intervention trial, we examined key issues regarding the operationalization of adherence, the quality of selfreport measures, and discrepancies in adherence estimates based on data from self-report versus EDM. The questions and main findings are summarized in Table 4 ; further discussion for a few of the results follows. Our findings provide some guidance for operationalizing variables for self-report and EDM data that will account for greater variance in VL. We recommend using a continuous variable (versus categorical) for both self-report and EDM and averaging measures over multiple assessment points (versus relying on any single point).
In the cross-sectional comparison of adherence modalities (Table 3) , we found self-report by telephone and EDM estimates accounted for almost the same amount of explained variance in VL, whereas the in-person modality explained considerably less variance than the EDM. This difference in explained variance in VL by self-report modality may be an issue of unmeasured social desirability bias, because self-report by telephone seems equivalent to EDM but self-report in person overestimates adherence. A possible explanation is that the Marlowe-Crowne scale, used in this study to measure social desirability, may not be able to capture motivations for medication adherence reporting. Low-income, ethnic minority respondents (such as the participants in this study) may respond more ''honestly'' to the scale's items than to queries about their medication adherence behavior because they perceive that reports of good adherence are related to tangible rewards or, conversely, to threatening consequences such as loss of medication and other benefits. Additionally, phone interviews were conducted when the respondents were presumably at home, in the place they usually take their medications, with access to their bottles and pill boxes; this may have led to a better estimation of adherence. Use of ACASI instead of phone interviews may also improve the quality of in-person reporting (Rogers et al., 2005) .
Our analyses of self-report data indicated poor adherence was reported more accurately than both moderate adherence and high adherence, at least according to EDM data. These findings contradict two other reports (Kimmerling et al., 2003; Wagner & Rabkin, 2000) , which found less accurate reporting for those who reported missed doses than those reporting taking all of their doses. However, these authors only analyzed data using two groups-perfect and nonperfect self-reported adherence-rather than further dividing the non-perfect group into poor and moderate adherers. By taking our analyses one step further, we found that poor adherence is reported more accurately than moderate adherence. It may be people who moderately adhere to their medication regimens have the most difficulty in accurately reporting their adherence.
With respect to self-report data on amount and timing of dosage, most participants reported taking their entire dose each time they reported taking their medication; in other words, participants are not generally referring to partial doses of a medication when they report doses taken. One way to avoid any confusion around this issue is to include precise definitions in adherence questionnaires as to what constitutes a ''dose'' or even a ''missed dose'' (see Sankar, Neufeld, Nevedal, and Luborsky, 2006) or more simply, to ask about number of pills taken for each medication in the regimen.
Comparative analyses indicated EDM produced lower estimates of adherence than self-report, 46-54% vs. 72-80%, as has been consistently demonstrated in other studies (Arnsten et al., 2001; Deschamps et al., 2004; Liu et al., 2001) . In the present study, participants used the EDM device with the protease inhibitor, which is the drug most likely to be missed due to generally more frequent dosing and adverse side effects, while self-report estimates were based on averaged reports for all medications. Also, EDM cannot distinguish non-adherence from non-use of the device, which may lead to underestimates of actual adherence. These factors may at least partially explain differences in adherence estimates. Although it is difficult to discern where EDM estimates or self-report estimates fall in relation to ''true'' adherence, we would suspect that ''true'' adherence likely lies somewhere between-precisely where is an ongoing research question.
Averaged across all assessment points, EDM adherence estimates explained greater variance in VL than the self-report estimates, R 2 = .21 vs. R 2 = .14. However, a comparison at each assessment point of the three modalities-EDM versus self-report in-person versus self-report by telephone-indicated that at three of the four assessment points there was no differences in the amount of variance in VL they explained. These findings suggest EDM may have a slight but not consistent or overwhelming advantage in predicting VL-good news for resource-constrained settings for which EDM is prohibitively expensive. These findings confirm other recent reports of the utility of self-report modalities with respect to HAART adherence assessment (Nieuwkerk & Oort, 2005; .
In sum, self-reported adherence estimates can provide useful information, with a few caveats. First, selfreport measures are likely to overestimate adherence based on EDM. Second, they can indicate poor adherence, but clinicians may want to follow up with further questions when patients report moderate or good adherence. In all cases, clinicians and researchers should consider their population and the cultural context in which adherence measures are used. Evaluating self-report and EDM qualitatively and quantitatively will assist in adapting the measures for use with a specific population.
Several limitations in the present study warrant mention. First, the data were obtained from an adherence intervention trial and were not collected specifically to examine the present aims. For this reason, we did not have available at each assessment point all versions of the measures for each modality, limiting the extent of our comparisons. Additionally, we recognize the very modest (and at times non-significant) associations between the adherence estimates and VL. Possibly, the lower correlations were due to the time lag between the adherence assessment and the date blood was drawn to calculate VL (recall that we used VL data abstracted from medical charts which was, on average, actually drawn 9 months after baseline). Ideally, VL data would be based on blood drawn the day of the assessment. Although the correlations are lower than what some studies report (e.g., Liu et al., 2001 ), they were not much lower than those reported with the use of direct study assays (Arnsten et al., 2001; Wagner, Kanouse, Koegel, & Sullivan, 2003; Walsh et al., 2002) . Finally, the modifications to the AACTG prevented us from obtaining a more in-depth analysis of adherence, because we could not determine the precise number of pills missed for each medication at each dose.
Despite these limitations, our study provides some answers to basic questions regarding best practices for operationalizing adherence, the quality of self-report data, and the relative merits of EDM and self-report measures. Yet more work remains to be done. Given the growing HIV/AIDS pandemic and the increasing availability of HAART throughout the developing world, the successful resolution of these methodological issues has never been more urgent.
